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cholesterol, potassium, other biomarkers, etc. The biomarker
concentrations in the tear film can be systematically different
than the corresponding concentrations of the biomarkers in
the blood, but a relationship between the two concentration
levels can be established to map tear film biomarker concen-
tration values to blood concentration levels. For example, the
tear film concentration of glucose can be established (e.g.,
empirically determined) to be approximately one tenth the
corresponding blood glucose concentration. Thus, measuring
tear film analyte concentration levels provides a non-invasive
technique for monitoring biomarker levels in comparison to
blood sampling techniques performed by lancing a volume of
blood to be analyzed outside a person’s body. Moreover, the
ophthalmic analyte bio-sensor platform disclosed here can be
operated substantially continuously to enable real time moni-
toring of analyte concentrations.

[0054] To perform a reading with the system 100 config-
ured as a tear film analyte monitor, the external reader 180 can
emit radio frequency radiation 171 that is harvested to power
the eye-mountable device 110 via the power supply 140.
Radio frequency electrical signals captured by the energy
harvesting antenna 142 (and/or the communication antenna
170) are rectified and/or regulated in the rectifier/regulator
146 and a regulated DC supply voltage 147 is provided to the
controller 150. The radio frequency radiation 171 thus turns
on the electronic components within the eye-mountable
device 110. Once turned on, the controller 150 operates the
analyte bio-sensor 162 to measure an analyte concentration
level. For example, the sensor interface module 152 can apply
a voltage between a working electrode and a reference elec-
trode in the analyte bio-sensor 162. The applied voltage can
be sufficient to cause the analyte to undergo an electrochemi-
cal reaction at the working electrode and thereby generate an
amperometric current that can be measured through the work-
ing electrode. The measured amperometric current can pro-
vide the sensor reading (“result”) indicative of the analyte
concentration. The controller 150 can operate the antenna 170
to communicate the sensor reading back to the external reader
180 (e.g., via the communication circuit 156). The sensor
reading can be communicated by, for example, modulating an
impedance of the communication antenna 170 such that the
modulation in impedance is detected by the external reader
180. The modulation in antenna impedance can be detected
by, for example, backscatter radiation from the antenna 170.

[0055] In some embodiments, the system 100 can operate
to non-continuously (“intermittently”) supply energy to the
eye-mountable device 110 to power the controller 150 and
electronics 160. For example, radio frequency radiation 171
can be supplied to power the eye-mountable device 110 long
enough to carry out a tear film analyte concentration mea-
surement and communicate the results. For example, the sup-
plied radio frequency radiation can provide sufficient power
to apply a potential between a working electrode and a refer-
ence electrode sufficient to induce electrochemical reactions
at the working electrode, measure the resulting amperometric
current, and modulate the antenna impedance to adjust the
backscatter radiation in a manner indicative of the measured
amperometric current. In such an example, the supplied radio
frequency radiation 171 can be considered an interrogation
signal from the external reader 180 to the eye-mountable
device 110 to request a measurement. By periodically inter-
rogating the eye-mountable device 110 (e.g., by supplying
radio frequency radiation 171 to temporarily turn the device
on) and storing the sensor results (e.g., via the data storage
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183), the external reader 180 can accumulate a set of analyte
concentration measurements over time without continuously
powering the eye-mountable device 110.

[0056] FIG. 2A is a bottom view of an example eye-mount-
able electronic device 210. FIG. 2B is an aspect view of the
example eye-mountable electronic device shown in FIG. 2A.
It is noted that relative dimensions in FIGS. 2A and 2B are not
necessarily to scale, but have been rendered for purposes of
explanation only in describing the arrangement of the
example eye-mountable electronic device 210. The eye-
mountable device 210 is formed of a polymeric material 220
shaped as a curved disk. The polymeric material 220 canbe a
substantially transparent material to allow incident light to be
transmitted to the eye while the eye-mountable device 210 is
mounted to the eye. The polymeric material 220 can be a
biocompatible material similar to those employed to form
vision correction and/or cosmetic contact lenses in optom-
etry, such as polyethylene terephthalate (“PET”), polymethyl
methacrylate (“PMMA”), silicone hydrogels, polyhydroxy-
ethylmethacrylate (polyHEMA) based hydrogels, and com-
binations of these, etc. The polymeric material 220 can be
formed with one side having a concave surface 226 suitable to
fit over a corneal surface of an eye. The opposing side of the
disk can have a convex surface 224 that does not interfere with
eyelid motion while the eye-mountable device 210 is
mounted to the eye. A circular outer side edge 228 connects
the concave surface 224 and convex surface 226.

[0057] Theeye-mountable device 210 can have dimensions
similar to a vision correction and/or cosmetic contact lenses,
such as a diameter of approximately 1 centimeter, and a
thickness of about 0.1 to about 0.5 millimeters. However, the
diameter and thickness values are provided for explanatory
purposes only. In some embodiments, the dimensions of the
eye-mountable device 210 can be selected according to the
size and/or shape of the corneal surface of the wearer’s eye.
[0058] The polymeric material 220 can be formed with a
curved shape in a variety of ways. For example, techniques
similar to those employed to form vision-correction contact
lenses, such as heat molding, injection molding, spin casting,
etc. can be employed to form the polymeric material 220.
While the eye-mountable device 210 is mounted inan eye, the
convex surface 224 faces outward to the ambient environment
while the concave surface 226 faces inward, toward the cor-
neal surface. The convex surface 224 can therefore be con-
sidered an outer, top surface of the eye-mountable device 210
whereas the concave surface 226 can be considered an inner,
bottom surface. The “bottom” view shown in FIG. 2A is
facing the concave surface 226. From the bottom view shown
in FIG. 2A, the outer periphery 222, near the outer circum-
ference of the curved disk is curved out of the page, whereas
the center region 221, near the center of the disk is curved in
to the page.

[0059] A substrate 230 is embedded in the polymeric mate-
rial 220. The substrate 230 can be embedded to be situated
along the outer periphery 222 of the polymeric material 220,
away from the center region 221. The substrate 230 does not
interfere with vision because it is too close to the eye to be in
focus and is positioned away from the center region 221
where incident light is transmitted to the eye-sensing portions
of the eye. Moreover, the substrate 230 can be formed of a
transparent material to further mitigate any effects on visual
perception.

[0060] The substrate 230 can be shaped as a flat, circular
ring (e.g., a disk with a central hole). The flat surface of the



